Characterisation of breakfast, lunch, dinner and snacks in the Japanese context: an exploratory cross-sectional analysis by Murakami, Kentaro et al.
Characterisation of breakfast, lunch, dinner and snacks in the
Japanese context: an exploratory cross-sectional analysis
Kentaro Murakami1,*, Nana Shinozaki1, M Barbara E Livingstone2, Aya Fujiwara1,3 ,
Keiko Asakura4, Shizuko Masayasu5 and Satoshi Sasaki1
1Department of Social and Preventive Epidemiology, School of Public Health, University of Tokyo, Tokyo 113-0033,
Japan: 2Nutrition Innovation Centre for Food and Health (NICHE), School of Biomedical Sciences, Ulster University,
Coleraine, UK: 3Department of Nutritional Epidemiology and Shokuiku, National Institute of Biomedical Innovation,
Health andNutrition, Tokyo, Japan: 4School of Medicine, Toho University, Tokyo, Japan: 5Ikurien-naka, Ibaraki, Japan
Submitted 22 April 2020: Final revision received 6 October 2020: Accepted 20 October 2020
Abstract
Objective: To characterise different meal types by examining the contribution of
specific meals to the total intakes and the nutritional quality of each meal.
Design: A cross-sectional analysis was conducted based on dietary data collected
using 4-d dietary record. Diet quality was assessed by the Healthy Eating Index-
2015 and Nutrient-Rich Food Index 9.3.
Setting: Japan.
Participants: Adults aged 20–81 years (n 639).
Results: Diet quality was, on average, highest for dinner, followed, in order, by
lunch, breakfast and snacks. Breakfast, lunch, dinner and snacks, on average,
accounted for 21 %, 32 %, 40 % and 11 % of total energy intake, respectively.
For many nutrients, the percentage contribution to total intake did not vary within
each meal, broadly in line with that for energy: 18–24 % for breakfast, 26–35 % for
lunch, 35–49 % for dinner and 4–15 % for snacks. However, intakes of many foods
largely depended on one meal type. The foods mainly eaten at dinner were pota-
toes, pulses, total vegetables, fish, meat and alcoholic beverages (52–70 %), in con-
trast to noodles (58 %) at lunch and bread (71 %) and dairy products (50 %) at
breakfast. The foods mainly eaten at snacks were confectioneries (79 %) and
sugar-sweetened beverages (52 %). Conversely, rice and eggs were more evenly
distributed across three main meals (19–41 % and 30–38 %, respectively), while
fruit and non-energetic beverages were more evenly distributed across all meal
types (17–30 % and 19–35 %, respectively).
Conclusions: These findings provide the background information on each meal
type in Japanese and may help inform the development of meal-based guidelines
and public health messages.
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Investigation of dietary intake is generally performed in
terms of the daily intake of individual foods/food groups
and nutrients(1). However, studying dietary intake at the
meal level (i.e. breakfast, lunch, dinner and snack) may
be more pertinent than overall dietary intake, given that
all foods are not always consumed proportionately at each
meal but rather when eating, people mainly choose to
combine foods in each of the meal types, resulting in
meal-specific food combinations(2–4). Unfortunately, data
on how different meal types differ in their contribution to
the total intake of foods and nutrients are limited, both
internationally(5–9) and specifically in the Japanese context.
This kind of information would be helpful for formulating
meal-based dietary guidelines and public health messages
as well as for developing effective intervention strategies
for healthy eating.
Mainly because of their possible contribution to a low
prevalence of coronary artery disease and long life
expectancy(10,11), much attention has focused on the char-
acteristics of Japanese dietary habits, which are somewhat
different from those in Western countries(12). Typically, the
Japanese diet includes a high consumption of refined
Public Health Nutrition: page 1 of 13 doi:10.1017/S1368980020004310
*Corresponding author: Email kenmrkm@m.u-tokyo.ac.jp
©TheAuthor(s), 2020. Published by CambridgeUniversity Press on behalf of TheNutrition Society. This is anOpenAccess article, distributed under
the terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.
grains, soyabean products, seaweeds, vegetables, fish and
green tea and a low consumption of whole grains, nuts,
processed meat and sugar-sweetened beverages(13,14). At
the nutrient level, Japanese diets are high in Na(15,16) but
low in saturated fats(17,18) and added sugars(18,19).
Furthermore, Japanese diets are high in dietary glycaemic
index and glycaemic load(20) but low in dietary energy
density(21).
Japanese meal patterns typically consist of a staple food
(mainly rice), a main dish (mainly protein-rich foods) and a
side dish (mainly vegetables)(22). Furthermore, the propor-
tion of daily energy intake (EI) consumed at breakfast,
lunch, dinner and snacks is, on average, 23, 30, 40 and
8 %, respectively, in Japan(23), while the ranges of corre-
sponding values are 9–20 % (median 16 %), 16–45 %
(median 25 %), 24–40 % (median 32 %) and 10–34 %
(median 26 %), respectively, in the USA(24) and ten
European countries participating in the European
Prospective Investigation into Cancer and Nutrition calibra-
tion study(25). Additionally, recent analyses conducted in
the UK(26), the USA(27), Australia(28) and Japan(29) have
shown that the associations of frequency of meals (sum
of breakfast, lunch and dinner) and snacks with overall diet
quality differ among populations, warranting thorough
investigation on food and nutrient profiles of each meal
type within a specific population.
In the present cross-sectional study, we characterised
breakfast, lunch, dinner and snacks in the Japanese con-
text, by examining how each meal contributes to intakes
of foods and nutrients, as well as the nutritional quality
of each meal. We also examined the associations of overall
diet quality with food and nutrient intakes from each of the
different meal types.
Methods
Data source and analytic sample
The present cross-sectional analysis was based on two
independent data sets collected using the similar procedure
but at different time periods, that is in 2003 and 2013. As
details of both surveys have been provided else-
where(16,30–33), only a brief description is given here. The
2003 survey was conducted among apparently healthy
women and their cohabitating spouses in four geographi-
cally diverse areas in Japan: Osaka (urban), Okinawa
(urban island), Nagano (rural inland) and Tottori (rural
coastal)(31,32). Our recruitment strategy was such that each
10-year age category, namely 30–39, 40–49, 50–59 and
60–69 years, included eight women for each area (without
consideration of age of men), resulting in 256 participants.
The 2013 survey was conducted among apparently
healthy men and women aged 20–69 years working in
welfare facilities (and, in some occasions, their neighbours
and acquaintances in the over 60 years) in twenty study
areas consisting of twenty-three (out of forty-seven)
prefectures(16,33). In the recruitment process, each of the
areas included two men and two women from each of
the five 10-year age groups (20–29, 30–39, 40–49, 50–59
and 60–69 years), resulting in 400 participants.
Participation of one individual per household was
permitted.
In total, 642 participants (n 250 in 2003 and 392 in 2013)
provided dietary data for the present analysis. In both sur-
veys, recruitment was conducted until the planned number
of participants in each of sex and age groups was enrolled.
Unfortunately, the number of potential participants invited
was not formally recorded, and thus, the participation rate
could not be calculated. After excluding three participants
with missing information on the variables of interest, the
present analysis was based on 639 individuals. None of
the sample was a dietitian, had an experience with dietary
counselling from a medical doctor or dietitian or had his-
tory of hospitalisation for diabetes education.
Dietary assessment
Dietary data were collected by a four-non-consecutive day
weighed dietary record during the winter season (February
and March) in both surveys(30,33). Each recording period
comprised three week days (Monday to Friday) and one
weekend day (Saturday or Sunday) in the 2003 survey
and three working days and one non-working day in the
2013 survey. Each of the recording days was (non-
randomly) allocated within approximately 2 weeks by
research dietitians. In the latter survey, night shift-working
days and days before and after a night shift work were
avoided as recording days. Each participant was issued
recording sheets and a digital scale (KD-173; Tanita in
2003 and KD-812WH; Tanita in 2013). After receiving writ-
ten and verbal instructions by a research dietitian, as well as
an example of a completed diary sheet, each participant
was requested to document and weigh all items eaten or
drunk, both in and out of the home, on each of the record-
ing days. On occasions when weighing was problematic
(e.g. dining out), they were instructed to document as
much information as possible, including the brand name
of the food and the consumed portion size (based on typ-
ical household measures), as well as the details of leftovers.
The recording sheets for each survey day were submit-
ted directly to the research dietitian after the survey was
completed, who then reviewed the forms and, whenever
necessary, sought additional information or modification
of the record via telephone or in person. All the collected
records were then reviewed by research dietitians at each
local centre and again at the study centre. As requested in
the study protocol, portion sizes estimated using household
measures were converted into weights and individual food
items were coded based on the Standard Tables of Food
Composition in Japan(34). Estimates of intakes of fifteen
selected food groups were then calculated for each individ-
ual; grouping of foods was done based on similarities in
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nutrient profile or culinary use of the foods, as shown
elsewhere(9). Estimated intakes of energy and selected
nutrients for each individual were calculated based on
the intakes of food items and their nutrient contents.
Added sugar intake, defined as sugars and syrups added
to food during processing or preparation, excluding
naturally occurring sugars in foods, was also calculated
based on a recently compiled comprehensive composition
database(19).
Assessment of diet quality
As measures of diet quality, the Healthy Eating Index 2015
(HEI-2015)(35-37) and Nutrient-Rich Food Index 9.3
(NRF9.3)(38–41) were calculated. The HEI-2015 is a 100-
point scale to assess compliance with the 2015–2020
Dietary Guidelines for Americans(42), with a higher score
indicating a better quality of overall diet. TheHEI-2015 con-
sists of nine adequacy components (total fruits, whole
fruits, total vegetables, greens and beans, whole grains,
dairy products, total protein foods, seafood and plant pro-
teins, and fatty acids as the ratio of the sum of PUFA and
MUFA to SFA) and four moderation components (refined
grains, Na, added sugars and saturated fats). We calculated
the HEI-2015 component and total scores based on energy-
adjusted values of overall dietary intake, namely amount
per 1000 kcal of energy or percentage of energy, except
for fatty acids(32).
The NRF9.3 is a composite measure of the nutrient den-
sity of the total diet, calculated as the sum of the percentage
of reference daily values for nine qualifying nutrients,
namely protein, dietary fibre, vitamin A, vitamin C, vitamin
D, Ca, Fe, K and Mg, minus the sum of the percentage of
reference daily values for three disqualifying nutrients,
namely added sugars, saturated fats and Na. Reference
daily values were determined for sex and age categories,
based on the Dietary Reference Intakes for Japanese,
2015(43), except for added sugars, for which the conditional
recommendation advocated by the WHO (i.e. upper limit
of 5 % of energy)(44) was used because of the lack of a rec-
ommended value for added sugars in Japan, as well as their
low intake levels(19). We calculated the NRF9.3 component
and total scores based on the overall daily intake of each
nutrient for each participant, which was adjusted for EI
by the density method and then normalised for the sex-
and age-specific Estimated Energy Requirement for a mod-
erate level of physical activity (from the Dietary Reference
Intakes for Japanese, 2015(43)) and expressed as a percent-
age of the reference daily values(32). Higher NRF9.3 scores
indicated a better quality of the overall diet.
Rationale for the choice of these two diet quality mea-
sures primarily developed for Americans but not for
Japanese was as follows. First, in our recent systematic
review of Japanese studies which obtained dietary patterns
using principal component analysis, we found that those
food groups which contributed to dietary patterns termed
healthy (fruits, vegetables, potatoes, mushrooms, sea-
weeds and pulses) are at least partly similar to those often
observed in Western countries (fruits, vegetables including
mushrooms, poultry, fish, low-fat dairy products, legumes
and whole grains)(12). Further, our recent analysis based on
the Japanese National Health and Nutrition Survey sup-
ports the efficacy of these measures in assessing the overall
diet quality of Japanese: a higher total score in theHEI-2015
and NRF9.3 was associated with favourable patterns of
overall diet, including higher intakes of dietary fibre and
key vitamins and minerals and lower intakes of saturated
fats, added sugars and Na(18).
Definition of each meal type
The food diary sheet used was based on a typical Japanese
eating pattern, comprising breakfast, lunch, dinner and
snacks, which were prescribed in the diary(31). During
the diet recording, participants were asked to report the
clock time when a food or beverage was consumed (both
start and finish times). In this study, eating occasions were
defined as any separate intake occasion with a discrete start
clock time and name, except for eating occasions consist-
ing of water only (tap and mineral water), which were
excluded(45). Consequently, all items reported in an eating
occasion were given the same clock time and eating occa-
sion name in the food diary.
Each of the eating occasions was categorised into break-
fast, lunch, dinner or snacks based on the section in the
food diary in which it was recorded, except for the follow-
ing two situations. The first is multiple entries of eating
occasions (with different times) into a section of breakfast,
lunch or dinner (only 10 cases). For this, the first eating
occasion was considered the main meal (breakfast, lunch
or dinner) and the subsequent eating occasions were con-
sidered snacks. The second is ≥2 different types of eating
occasions recorded within the overlapping time period
(243 cases), in which case each of the overlapping eating
occasions was combined and counted as a single eating
occasion. Where a participant recorded a main meal
(breakfast, lunch or dinner) and a snackwithin the overlap-
ping period, we considered this eating occasion a meal,
unless the participant had already recorded that same meal
earlier in the day, in which case this eating occasion was
considered a snack. It should be noted that the definition
of each meal type used is generally consistent with the pre-
vious research(5–9).
Assessment of other variables
Body height was measured without shoes to the nearest
0·1 cm. Body weight was measured in light clothing to
the nearest 0·1 kg. BMI (kg/m2) was calculated as body
weight (kg) divided by the square of body height (m),
based on which, weight status was grouped into three cat-
egories of underweight (<18·5), normal weight (≥18·5 to
<25·0) and overweight (≥25·0)(46). Misreporting of EI
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was evaluated on the basis of the ratio of EI:BMR
(Goldberg’s cut-off)(47). BMR was estimated according to
an equation specifically developed for Japanese on the
basis of body height and weight, age and sex(48,49).
Assuming a physical activity level for a sedentary lifestyle
(i.e. 1·55) for all participants (because of a lack of an objec-
tive measure of physical activity), underreporting, plau-
sible reporting and overreporting were defined as having
EI:BMRof<1·02,≥1·02 to<2·35 and≥2·35, respectively(47).
Statistical analysis
All statistical analyses were performed using SAS statistical
software (version 9.4; SAS Institute Inc.). All reported P val-
ues are two-tailed, and P values < 0·05 were considered
statistically significant. For all dietary variables, mean daily
values over 4 d were used in the analysis to minimise day-
to-day variations in dietary intake and a value of zero was
assigned for non-consumers. Descriptive statistics of diet
quality scores and intakes of energy, nutrients and food
groups for total diet and for each meal type are presented
as mean and standard deviations. Pearson correlation coef-
ficients among diet quality scores were calculated.
Differences in diet quality scores between sex, between
survey year and across categories of age (<40, 40–59
and ≥60 years), weight status and dietary reporting status
were examined on the basis of independent t test or
ANOVA followed by a Bonferroni’s post hoc test. For each
of the dietary variables (energy, nutrients and food groups),
the percentage contribution to total intake was calculated
for each meal type. Associations between overall diet qual-
ity (tertile category of total scores of HEI-2015 and NRF9.3
of total diet) and intakes of energy, nutrients and food
groups from each meal type were examined using the gen-
eral linear model, with adjustment for sex, age group,
weight status, dietary reporting status and survey year.
Analyses were repeated after stratified by age (by median),
sex or survey year, which provided the findings generally
similar to those observed in the entire sample (data not
shown). The present report, therefore, presents the results
for the entire sample. Power calculations were not per-
formed because this study is a secondary analysis of
existing data with an exploratory nature.
Results
The present analysis included 639 Japanese adults with a
mean age of 47·1 (SD 13·2) years and a mean BMI of 23·1
(SD 3·4) kg/m2. The percentage of participants who
reported consumption of breakfast, lunch and dinner on
all four dietary recording days was high (88·0, 92·3 and
96·9 %, respectively; see online supplementary material,
Supplemental Table 1). In contrast, the prevalence of no
consumption of each of these meals on all 4 d was very
low (0·8 % for breakfast, 0·5 % for lunch and 0 % for dinner).
The percentage of participants who reported consumption
of at least one snack on all four dietary recording days was
59·9 %, while the prevalence of no snack consumption on
all 4 d was 7·2 %. Mean clock time for the start of breakfast
(n 634), lunch (n 636) and dinner (n 639) was 07.28 (SD
00.46), 12.32 (SD 00.32) and 19.25 (SD 00.56) hours, respec-
tively. The daily snack frequency ranged from 0 to 8, with a
mean of 1·8 (SD 1·3), while the daily total eating frequency
ranged from 1·5 to 11, with a mean of 4·7 (SD 1·3).
Diet quality as assessed by the HEI-2015 and NRF9.3
was, on average, highest for dinner, followed, in order,
by lunch, breakfast and snacks (Table 1). As theoretically
expected, the quality of each meal type was positively cor-
related with that of the total diet (Pearson correlation: 0·29–
0·65 for HEI-2015 and 0·34–0·70 for NRF9.3). Nevertheless,
the correlation between the four meal types was relatively
weak (Pearson correlation: 0·09–0·33 for HEI-2015 and
0·15–0·25 for NRF9.3).
Table 1 Descriptive statistics of total scores of the Healthy Eating Index-2015 (HEI-2015) and Nutrient-Rich Food Index 9.3 (NRF9.3) in 639
Japanese adults aged 20–81 years
Mean SD Minimum Q25 Median Q75 Maximum
Pearson correlation
Total diet Breakfast Lunch Dinner Snacks
HEI-2015*
Total diet 52·1 7·4 22·1 47·1 51·3 56·9 77·2 1·00
Breakfast 45·0 12·5 0 37·9 45·2 53·2 93·4 0·60 1·00
Lunch 48·9 9·0 0 44·4 49·7 54·4 73·0 0·56 0·31 1·00
Dinner 53·0 8·0 18·8 47·7 53·0 58·3 76·6 0·65 0·33 0·17 1·00
Snacks 34·2 15·2 0 26·4 35·3 43·3 78·1 0·29 0·16 0·09 0·14 1·00
NRF9.3†
Total diet 667 106 142 611 679 743 884 1·00
Breakfast 556 225 −1264 478 599 700 870 0·51 1·00
Lunch 598 149 −45 509 619 704 890 0·58 0·18 1·00
Dinner 665 110 51 604 683 742 882 0·70 0·24 0·25 1·00
Snacks 98 383 −1948 −28 123 351 799 0·34 0·16 0·15 0·17 1·00
Q25, 25th percentile; Q75, 75th percentile.
*A maximum score is 100. A higher score indicates a higher diet quality.
†A maximum score is 900. A higher score indicates a higher diet quality.
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Table 2 shows total scores of the HEI-2015 and NRF9.3
according to each category of basic characteristics.
Compared with men, women had a higher mean value
of HEI-2015 for breakfast and lunch but a lowermean value
of NRF9.3 for total diet. There was a positive association of
age with all diet quality variables, while there was no asso-
ciation for weight status. Participants identified as underre-
porters had lower diet quality scores than those identified
as plausible reporters, overreporters or both, except for
NRF9.3 for breakfast and snacks. Participants in the 2013
survey had lower diet quality scores than those in the
2003 survey, except for NRF9.3 for lunch.
Breakfast, lunch, dinner and snacks, on average,
accounted for 21, 32, 40 and 11 % of total EI, respectively
(Table 3). For nutrients, the percentage contribution to
total intake tended to be similar in magnitude to that for
EI: 18–24 % for breakfast, except for alcohol (4 %) and
Ca (29 %); 26–35 % for lunch, except for alcohol (20 %);
35–49 % for dinner, except for added sugars (27 %) and
alcohol (70 %); and 4–15 % for snacks, except for added
sugars (37 %). Breakfast, lunch and dinner were relatively
similar in terms of percentage of energy from macronu-
trients, while characteristics of snacks included high intakes
of saturated fats and added sugars and low intakes of pro-
tein and total fat.
However, intakes of many food groups were largely de-
pendent on one meal type (Table 4). The foods mainly
eaten at dinner were potatoes, pulses, total vegetables, fish,
meat and alcoholic beverages (52–70 %), in contrast to noo-
dles (58 %) at lunch and bread (71 %) and dairy products
(50 %) at breakfast. The foods mainly eaten at snacks were
confectioneries (79 %) and sugar-sweetened beverages
(52 %). Conversely, intakes of rice and eggs were more
evenly distributed across three main meals (19–41 % and
30–38 %, respectively). Additionally, intakes of fruit and
non-energetic beverages were more evenly distributed
across all meal types (17–30 % and 19–35 %, respectively).
EI from breakfast (but not lunch or dinner) was posi-
tively associated with overall diet quality as assessed by
total scores of HEI-2015 (Table 5) and NRF9.3 (data not
shown) of total diet. Conversely, associations with overall
diet quality were relatively consistent for intakes of
nutrients across three main meals. A higher overall diet
quality was associated with higher intakes of protein,
dietary fibre, K, Ca, Mg, Fe and vitamin C from all three
main meals. In terms of food groups, a higher overall diet
quality was associated with higher intakes of pulses, total
vegetables and fish from all three main meals (Table 6
for HEI-2015 and data not shown for NRF9.3).
Additionally, a higher overall diet quality was associated
with higher intakes of rice, eggs and dairy products from
breakfast, potatoes from lunch, and fruit from breakfast
and dinner and lower intakes of bread from breakfast
and lunch, confectioneries from lunch and sugar-
sweetened beverages from dinner. Associations between
intakes from snacks and overall diet quality were relatively
weak inmagnitude, notwithstanding an inverse association
between snack energy and the NRF9.3 score (data
not shown).
Discussion
In this study of Japanese adults, diet quality, which was
assessed by the HEI-2015 and NRF9.3, was highest for din-
ner, followed by lunch, breakfast and snacks. The order
was in line with the percentage contribution of each meal
type to total EI and intakes of many nutrients. However,
dinner was mainly characterised by the intake of potatoes,
pulses, total vegetables, fish, meat and alcoholic beverages;
lunch by noodles; breakfast by bread and dairy products;
and snacks by confectioneries and sugar-sweetened bever-
ages. Conversely, intakes of rice and eggs were more
evenly distributed across three main meals, while intakes
of fruit and non-energetic beverages were more evenly dis-
tributed across all four meal types. We further identified
dietary intake patterns within each meal type associated
with a higher quality of total diet. To our knowledge, this
is the first study to characterise different meal types in
Japanese adults, which would make an important contribu-
tion to the existing literature of meal intakes and pat-
terns(5–9).
In this study, the mean percentage contribution to total
EI was 21 % for breakfast, 32 % for lunch, 40 % for dinner
and 11 % for snacks. This is consistent with that observed
in the National Health and Nutrition Survey in Japan(23),
but is quite different from that in Western populations,
where, generally speaking, the percentage contribution
of breakfast is smaller and that of snacks is larger(24,25).
Thus, in relation to EI, the Japanese meal patterns may
be characterised by three main meals, accompanied by
small contribution from snacks in terms of both size and fre-
quency. It has been suggested that consuming a high pro-
portion of total EI at mainmeals (particularly lunch), as well
as a small contribution of snacks, is an additional positive
component of the Mediterranean diet, aside from the solely
nutritional considerations(25,50). Thus, these characteristics
we observed, in addition to the very low prevalence of
meal skipping and the well-structured meal timing, might
contribute to the health effect of Japanese diets, if any, in
addition to the amount and content of food and nutrient
intake. Further research on this topic is warranted.
We found that for many of the macro- and micronu-
trients, the percentage contribution to total intake did not
vary within each meal type and tended to be similar to that
for EI, implying that the nutrient density of each meal type
is similar in Japanese dietary habits. This is generally con-
sistent with findings from previous Western studies, at least
for macronutrients(7–9). However, in contrast to our find-
ings, evidence from several Western countries, including
Canada, Denmark, France, Spain, the UK and the
USA(51), suggests that for micronutrients, the percentage
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Table 2 Total scores of the Healthy Eating Index-2015 (HEI-2015) and Nutrient-Rich Food Index 9.3 (NRF9.3) according to each category of basic characteristics in 639 Japanese adults aged 20–
81 years
n
HEI-2015* NRF9.3†
Total diet Breakfast Lunch Dinner Snacks Total diet Breakfast Lunch Dinner Snacks
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Sex
Male 318 51·7 7·3 44·0 12·1 48·2 9·2 53·0 8·3 33·5 16·3 678 104 563 230 597 151 667 111 93 438
Female 321 52·5 7·4 46·1 12·8 49·6 8·7 53·0 7·6 34·9 14·1 657 107 549 220 598 147 662 110 103 321
P‡ 0·21 0·04 0·0497 0·96 0·23 0·01 0·46 0·92 0·62 0·75
Age group (years)
<40 205 48·2a 6·5 40·4a 12·2 46·3a 9·3 49·7a 7·5 30·7a 14·5 615a 114 474a 259 569a 150 622a 117 5a 410
40–59 279 52·5b 6·6 45·2b 11·2 48·9b 8·8 53·5b 7·7 35·2b 15·0 675b 92 558b 211 600ab 143 671b 103 130b 369
≥60 155 56·6c 6·9 50·9c 12·7 52·4c 7·9 56·6c 7·4 37·0b 15·8 723c 84 661c 141 632b 152 709c 92 163b 351
P§ <0·0001 <0·0001 <0·0001 <0·0001 0·0001 <0·0001 <0·0001 0·0003 <0·0001 <0·0001
Weight status||
Underweight 35 50·5 6·2 45·0 11·1 47·3 8·2 52·0 7·6 35·1 13·3 633 117 549 234 582 130 627a 111 79 344
Normal weight 445 52·1 7·2 45·0 12·8 48·8 9·0 52·9 7·9 33·9 15·1 671 101 552 233 599 150 670a 110 97 370
Overweight 159 52·5 7·9 45·2 12·0 49·5 9·3 53·6 8·2 34·9 16·0 664 116 569 198 598 152 656a 110 103 427
P§ 0·33 0·98 0·40 0·44 0·73 0·10 0·71 0·80 0·047 0·95
Dietary reporting status¶
Underreporting 20 46·8a 9·4 36·9a 16·4 41·1a 16·9 48·2a 9·6 24·7a 15·5 605a 150 463 215 503a 236 585a 171 −99a 529
Plausible reporting 604 52·2b 7·2 45·2b 12·3 49·1b 8·5 53·1b 7·9 34·5b 15·0 671b 102 560 225 601b 145 669b 106 106a 371
Overreporting 15 54·9b 7·9 47·5b 12·0 49·4b 9·9 55·7b 8·5 36·4ab 19·0 615ab 159 521 221 589ab 156 597a 132 25a 566
P§ 0·002 0·01 0·0004 0·01 0·02 0·004 0·14 0·01 0·0002 0·047
Survey year
2003 250 53·6 6·9 47·0 11·9 49·9 8·5 54·9 8·1 35·7 14·9 689 96 586 225 601 147 684 97 136 326
2013 389 51·2 7·5 43·8 12·7 48·3 9·3 51·8 7·7 33·2 15·3 653 110 537 223 595 151 652 116 73 414
P‡ <0·0001 0·001 0·03 <0·0001 0·04 <0·0001 0·006 0·62 0·0003 0·04
*A maximum score is 100. A higher score indicates a higher diet quality.
†A maximum score is 900. A higher score indicates a higher diet quality.
‡Based on independent t test.
§Based on ANOVA. When the overall P from ANOVA was < 0·05, a Bonferroni’s post hoc test was performed; mean values within each variable with unlike superscript letters are significantly different (P< 0·05).
||Underweight, normal weight and overweight were defined as participants having a BMI (in kg/m2) of <18·5, ≥18·5 to <25 and ≥25, respectively.
¶Underreporting, plausible reporting and overreporting were defined as participants having a ratio of reported energy intake:BMR of <1·02, ≥1·02 to <2·35 and ≥2·35, respectively.
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Table 3 Intakes of energy and nutrients from each meal and their percentage contribution to total intake in 639 Japanese adults aged 20–81 years*
Amount consumed Contribution to total diet (%)||
Total diet Breakfast† Lunch‡ Dinner Snacks§ Breakfast Lunch Dinner Snacks
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Energy (kJ/d) 8774 2028 1838 774 2737 746 3518 1211 962 840 21·1 8·0 31·6 7·3 40·0 9·4 10·9 8·5
Nutrients
Protein (g/d) 74·4 18·3 15·6 7·8 22·8 7·1 33·0 11·4 4·9 4·6 21·0 9·3 31·1 8·6 44·2 10·2 6·6 5·7
Total fat (g/d) 64·6 19·2 13·3 7·7 19·3 7·7 27·0 11·8 7·2 8·0 20·7 10·4 30·5 10·9 41·5 12·3 10·9 10·8
SFA (g/d) 18·7 6·3 4·5 2·9 5·0 2·4 7·0 3·5 3·0 3·3 23·9 12·8 27·6 12·3 37·5 13·5 15·3 15·0
Carbohydrate (g/d) 278·0 68·5 63·4 27·6 93·8 26·6 97·5 33·2 32·5 25·7 22·8 8·3 34·1 7·5 35·1 8·9 11·5 8·3
Added sugars (g/d) 32·6 19·1 6·2 7·2 8·1 7·3 7·9 6·9 12·6 12·0 18·5 16·3 26·1 16·7 26·5 17·3 36·8 29·9
Alcohol (g/d) 11·4 19·9 0·1 0·7 0·5 2·5 9·1 17·3 2·3 10·0 4·0 13·7 19·5 30·3 69·7 35·9 10·3 32·6
Dietary fibre (g/d) 14·3 4·8 3·2 2·0 4·4 1·9 5·9 2·4 1·2 1·4 21·8 10·1 31·4 9·8 42·1 11·6 7·9 8·5
Na (mg/d) 4143 1157 843 511 1446 541 1794 697 150 188 20·2 11·0 35·3 10·1 43·3 11·2 3·7 4·6
K (mg/d) 2687 762 591 335 744 284 1123 398 304 257 21·6 9·3 28·1 8·8 42·4 10·9 11·3 8·6
Ca (mg/d) 533·5 193·3 161·3 114·4 133·8 59·8 186·5 88·5 69·9 71·1 28·8 14·5 26·3 10·7 36·0 13·0 13·2 11·9
Mg (mg/d) 295·5 88·7 65·3 37·0 80·5 29·7 127·7 53·2 30·0 28·1 21·9 9·6 27·9 8·5 43·4 11·4 10·2 8·1
Fe (mg/d) 8·4 2·3 1·8 1·1 2·5 0·8 3·6 1·4 0·8 0·7 20·7 10·5 30·6 8·9 42·9 11·5 9·1 7·6
Vitamin A (μg/d)¶ 616·7 678·2 116·6 231·4 183·5 261·2 291·2 550·3 38·8 62·3 20·5 14·0 31·8 17·0 43·3 18·1 7·5 9·9
Vitamin D (mg/d) 7·9 5·5 1·5 2·4 2·2 2·3 4·1 4·1 0·2 0·4 19·9 19·9 30·4 24·7 48·7 25·7 4·0 7·8
Vitamin C (mg/d) 112·7 52·5 22·3 21·6 33·4 18·8 48·0 26·1 11·6 16·4 18·4 12·9 31·2 14·7 44·1 16·2 9·5 12·4
Percentage of energy
Protein 14·3 2·1 14·0 3·9 14·0 2·8 16·1 3·6 8·7 6·3 – – – – – – – –
Total fat 27·8 5·2 26·2 10·4 26·2 7·0 28·9 7·6 23·3 15·6 – – – – – – – –
SFA 8·1 2·1 9·1 4·8 6·8 2·7 7·5 2·6 10·0 7·7 – – – – – – – –
Carbohydrate 53·3 6·6 58·3 12·0 57·4 8·3 47·6 10·3 55·5 23·8 – – – – – – – –
Added sugars 6·2 3·2 6·2 8·3 4·9 3·9 3·8 2·9 21·8 17·8 – – – – – – – –
Alcohol 3·4 5·7 0·1 0·5 0·4 1·5 6·0 10·0 4·0 12·9 – – – – – – – –
*Values are per capita intakes unless otherwise indicated.
†For the calculation of percentage of energy, n 634 after excluding five non-breakfast consumers.
‡For the calculation of percentage of energy, n 636 after excluding three non-lunch consumers.
§For the calculation of percentage of energy, n 593 after excluding forty-six non-snack consumers.
||For alcohol, n 615 because there were twenty-four participants whose total alcohol intake was zero.
¶Retinol activity equivalent.
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Table 4 Intakes of foods from each meal and their percentage contribution to total intake in 639 Japanese adults aged 20–81 years*
Amount consumed (g/d)
n†
Contribution to total diet (%)‡
Total diet Breakfast Lunch Dinner Snacks Breakfast Lunch Dinner Snacks
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Rice 327·5 143·2 66·9 70·1 131·9 71·6 133·7 73·6 1·5 9·3 638 19·4 19·3 41·2 23·1 41·4 17·9 0·6 3·7
Bread 38·1 33·4 28·2 29·9 7·4 16·0 1·8 6·9 2·0 7·4 503 70·7 40·8 21·1 38·2 5·7 19·1 6·1 21·0
Noodles 75·0 66·3 4·1 20·0 43·9 50·9 27·3 42·6 1·1 8·6 533 5·0 18·3 57·6 40·7 37·5 39·4 1·2 9·1
Potatoes 44·2 36·0 4·9 10·8 12·9 17·3 25·0 26·3 2·2 8·7 622 10·3 20·5 31·2 30·8 56·0 33·1 4·6 15·5
Pulses§ 67·0 52·6 16·1 26·9 14·1 19·5 34·2 34·6 4·0 13·9 630 22·9 27·3 22·6 24·2 51·8 31·2 5·1 14·9
Total vegetables 264·5 116·2 39·7 42·1 83·1 50·9 142·5 74·5 3·1 13·1 639 13·9 12·7 32·1 16·4 54·8 17·6 1·1 4·2
Fruit 70·4 73·9 24·4 38·5 17·3 26·8 17·2 31·1 13·4 28·6 589 29·1 33·4 30·4 34·7 26·8 33·2 17·3 31·7
Fish|| 75·7 47·6 8·0 14·3 22·6 20·3 45·3 34·8 1·0 5·5 634 9·4 15·7 33·4 30·4 58·4 27·3 1·2 5·7
Meat 84·0 50·5 6·7 11·7 27·6 22·5 50·2 36·6 1·0 4·3 636 7·5 11·1 33·5 22·7 59·6 23·4 1·4 7·7
Eggs 39·5 22·5 13·6 15·3 14·2 14·0 11·5 12·8 1·0 3·1 632 32·5 32·2 37·6 31·1 29·5 27·9 3·0 10·1
Dairy products 115·6 103·7 65·4 76·9 17·0 35·1 14·6 29·3 23·3 45·0 614 50·4 38·4 18·8 32·6 15·5 26·0 23·0 41·6
Confectioneries 38·8 33·7 4·7 12·0 5·8 14·3 4·7 11·5 28·3 31·8 552 11·5 25·8 13·6 26·0 12·6 26·6 78·7 66·0
Alcoholic beverages 146·3 255·6 0·4 2·5 6·3 44·4 118·0 222·0 28·0 112·4 589 3·4 12·4 19·4 30·7 70·3 36·2 10·3 31·9
Sugar-sweetened beverages 33·2 72·6 5·6 25·7 6·3 25·0 8·0 42·5 15·5 45·1 243 18·4 35·6 21·2 39·7 18·2 36·2 51·9 65·8
Nonenergetic beverages 753·3 480·6 185·1 151·3 172·8 125·6 139·2 122·1 289·1 359·7 634 25·2 19·7 25·5 17·7 19·4 16·2 35·3 27·1
*Values are per capita intakes unless otherwise indicated.
†Number of consumers.
‡Calculated based on consumers only.
§Including nuts.
||Including shellfish.
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Table 5 Associations of intakes of energy and nutrients from breakfast, lunch and dinner with total scores of the Healthy Eating Index-2015 (HEI-2015) of total diet in 639 Japanese adults aged 20–
81 years*
Breakfast†
Pfor trend
Lunch‡
Pfor trend
Dinner
Pfor trend
T1 (n 213) T2 (n 213) T3 (n 213) T1 (n 213) T2 (n 213) T3 (n 213) T1 (n 213) T2 (n 213) T3 (n 213)
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Energy (kJ/d) 1745 52 1857 50 1913 52 0·03 2714 46 2803 44 2695 47 0·80 3404 68 3640 65 3511 69 0·28
Nutrients
Protein (g/d) 13·9 0·5 15·6 0·5 17·4 0·5 < 0·0001 21·7 0·5 23·2 0·4 23·4 0·5 0·01 31·2 0·7 33·7 0·7 34·0 0·7 0·008
Total fat (g/d) 13·5 0·5 13·0 0·5 13·4 0·5 0·87 19·6 0·5 19·4 0·5 18·8 0·5 0·32 26·5 0·8 27·9 0·8 26·6 0·8 0·93
SFA (g/d) 4·8 0·2 4·3 0·2 4·3 0·2 0·07 5·4 0·2 5·1 0·2 4·6 0·2 0·001 7·2 0·2 7·4 0·2 6·4 0·2 0·04
Carbohydrate (g/d) 58·9 1·9 64·9 1·8 66·4 1·9 0·006 92·7 1·7 96·8 1·6 91·9 1·7 0·79 98·5 2·0 100·7 1·9 93·2 2·0 0·09
Added sugars (g/d) 6·6 0·5 5·6 0·5 6·3 0·5 0·63 8·9 0·5 8·0 0·5 7·4 0·5 0·051 7·8 0·5 8·5 0·5 7·4 0·5 0·61
Alcohol (g/d) 0·0 0·0 0·1 0·0 0·1 0·0 0·56 0·3 0·2 0·5 0·2 0·6 0·2 0·40 5·9 1·1 9·6 1·1 11·7 1·1 0·0006
Dietary fibre (g/d) 2·6 0·1 3·1 0·1 3·9 0·1 < 0·0001 3·9 0·1 4·3 0·1 4·9 0·1 < 0·0001 5·0 0·2 6·0 0·2 6·7 0·2 < 0·0001
Na (mg/d) 778 34 872 33 879 35 0·047 1457 37 1479 35 1402 37 0·32 1817 47 1834 45 1730 47 0·22
K (mg/d) 462 20 555 19 756 20 < 0·0001 668 19 756 19 809 20 < 0·0001 994 26 1140 25 1234 26 < 0·0001
Ca (mg/d) 131·2 7·7 149·3 7·4 203·4 7·7 < 0·0001 121·2 4·1 133·6 4·0 146·7 4·2 < 0·0001 162·6 6·0 194·1 5·8 202·9 6·1 < 0·0001
Mg (mg/d) 52·8 2·3 62·1 2·2 81·1 2·3 < 0·0001 72·4 2·0 80·0 1·9 89·2 2·0 < 0·0001 112·1 3·5 131·2 3·4 139·9 3·5 < 0·0001
Fe (mg/d) 1·4 0·1 1·7 0·1 2·2 0·1 < 0·0001 2·3 0·1 2·5 0·1 2·7 0·1 < 0·0001 3·3 0·1 3·6 0·1 3·8 0·1 < 0·0001
Vitamin A (μg/d)§ 79·9 16·5 123·9 15·8 145·8 16·6 0·007 158·6 18·5 189·9 17·8 201·8 18·7 0·11 251·5 39·4 299·9 37·8 322·2 39·7 0·23
Vitamin D (mg/d) 1·3 0·2 1·5 0·2 1·8 0·2 0·04 1·9 0·2 2·3 0·2 2·3 0·2 0·16 3·6 0·3 4·2 0·3 4·6 0·3 0·02
Vitamin C (mg/d) 14·6 1·4 20·7 1·3 31·6 1·4 < 0·0001 27·4 1·3 32·7 1·2 40·3 1·3 < 0·0001 40·6 1·8 47·1 1·7 56·3 1·8 < 0·0001
Percentage of energy
Protein 13·1 0·3 14·0 0·3 15·0 0·3 < 0·0001 13·4 0·2 13·9 0·2 14·6 0·2 < 0·0001 15·6 0·2 16·0 0·2 16·6 0·2 0·009
Total fat 27·8 0·7 25·5 0·7 25·2 0·7 0·02 26·8 0·5 25·6 0·5 26·1 0·5 0·38 29·4 0·5 28·9 0·5 28·4 0·5 0·18
SFA 10·3 0·3 8·7 0·3 8·3 0·3 < 0·0001 7·4 0·2 6·7 0·2 6·4 0·2 0·0004 7·9 0·2 7·6 0·2 6·9 0·2 0·0001
Carbohydrate 57·0 0·9 59·1 0·8 58·8 0·9 0·16 56·9 0·6 57·8 0·6 57·4 0·6 0·57 48·7 0·7 47·6 0·7 46·5 0·7 0·04
Added sugars 7·3 0·6 5·4 0·6 5·9 0·6 0·11 5·3 0·3 4·6 0·3 4·6 0·3 0·07 3·9 0·2 3·8 0·2 3·7 0·2 0·60
Alcohol 0·0 0·0 0·1 0·0 0·1 0·0 0·52 0·3 0·1 0·4 0·1 0·5 0·1 0·36 4·4 0·7 6·0 0·6 7·5 0·7 0·002
T, tertile.
*Examined using the general linear model, with adjustment for sex, age group, weight status, dietary reporting status and survey year. Median values (ranges) of total scores of the HEI-2015 of total diet for the first, second and third tertile
categories were 45·7 (22·1–48·3), 51·3 (48·4–55·1) and 59·3 (55·2–77·2), respectively. A higher score indicates a higher diet quality.
†For variables expressed as percentage of energy, n 634 after excluding five non-breakfast consumers.
‡For variables expressed as percentage of energy, n 636 after excluding three non-lunch consumers.
§Retinol activity equivalent.
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Table 6 Associations of intakes of foods from breakfast, lunch and dinner with total scores of the Healthy Eating Index-2015 (HEI-2015) of total diet in 639 Japanese adults aged 20–81 years*
Breakfast (g/d)
Pfor trend
Lunch (g/d)
Pfor trend
Dinner (g/d)
Pfor trend
T1 (n 213) T2 (n 213) T3 (n 213) T1 (n 213) T2 (n 213) T3 (n 213) T1 (n 213) T2 (n 213) T3 (n 213)
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Rice 56·2 4·9 74·1 4·7 70·4 4·9 0·048 128·6 4·7 142·0 4·5 125·1 4·7 0·64 142·9 4·9 141·3 4·7 117·0 4·9 0·0004
Bread 35·2 2·1 29·0 2·0 20·4 2·1 < 0·0001 9·8 1·1 7·4 1·1 5·0 1·1 0·0048 2·2 0·5 2·1 0·5 1·1 0·5 0·11
Noodles 6·3 1·4 4·7 1·4 1·2 1·4 0·01 46·5 3·6 40·3 3·5 45·0 3·7 0·77 32·8 2·9 23·6 2·8 25·6 3·0 0·09
Potatoes 3·2 0·7 4·8 0·7 6·7 0·8 0·002 11·1 1·2 12·8 1·2 14·8 1·2 0·04 22·7 1·9 25·0 1·8 27·2 1·9 0·11
Pulses† 9·9 1·8 14·2 1·8 24·2 1·8 < 0·0001 11·6 1·4 13·7 1·3 17·1 1·4 0·007 28·8 2·4 35·3 2·4 38·5 2·5 0·007
Total vegetables 27·7 2·6 39·2 2·5 52·2 2·7 < 0·0001 72·9 3·6 83·1 3·4 93·2 3·6 0·0001 120·5 5·1 147·3 4·9 159·7 5·2 < 0·0001
Fruit 10·0 2·5 22·0 2·4 41·3 2·6 < 0·0001 10·1 1·8 15·7 1·7 26·2 1·8 < 0·0001 7·5 2·0 13·9 2·0 30·2 2·1 < 0·0001
Fish‡ 5·2 1·0 7·4 0·9 11·4 1·0 < 0·0001 17·6 1·4 24·1 1·3 25·9 1·4 < 0·0001 39·3 2·4 46·5 2·3 50·2 2·4 0·002
Meat 7·0 0·8 7·5 0·8 5·5 0·8 0·19 28·6 1·5 27·5 1·5 26·8 1·5 0·42 50·2 2·4 51·6 2·3 48·8 2·5 0·70
Eggs 11·3 1·1 14·6 1·0 15·0 1·1 0·02 15·1 1·0 14·1 1·0 13·6 1·0 0·32 11·6 0·9 12·0 0·9 10·9 0·9 0·60
Dairy products 53·7 5·4 59·5 5·2 83·0 5·4 0·0003 14·1 2·5 18·4 2·4 18·4 2·5 0·24 13·6 2·1 14·4 2·0 15·9 2·1 0·47
Confectioneries 5·3 0·9 4·8 0·8 4·0 0·9 0·30 8·1 1·0 4·9 1·0 4·4 1·0 0·01 4·4 0·8 5·8 0·8 4·0 0·8 0·75
Alcoholic beverages 0·2 0·2 0·7 0·2 0·4 0·2 0·44 3·7 3·2 6·7 3·0 8·5 3·2 0·31 83·8 14·9 129·9 14·3 140·1 15·0 0·01
Sugar-sweetened beverages 7·6 1·8 5·3 1·8 4·0 1·9 0·19 7·3 1·8 8·0 1·7 3·5 1·8 0·16 13·3 3·0 7·7 2·9 2·9 3·0 0·02
Nonenergetic beverages 200·0 10·7 173·6 10·3 181·9 10·8 0·25 175·9 9·0 161·4 8·6 181·2 9·0 0·71 154·5 8·6 130·6 8·3 132·4 8·7 0·08
T, tertile.
*Examined using the general linear model, with adjustment for sex, age group, weight status, dietary reporting status and survey year. Median values (ranges) of total scores of the HEI-2015 of total diet for the first, second and third tertile
categories were 45·7 (22·1–48·3), 51·3 (48·4–55·1) and 59·3 (55·2–77·2), respectively. A higher score indicates a higher diet quality.
†Including nuts.
‡Including shellfish.
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contribution to total intake did vary, especially at breakfast.
The exact reason is unknown, but this might be due to
differences in the degree of dependence on one meal type
for key foods, particularly plant-based foods. For example,
a study in Norwegian adults showed that dinner accounted
for 69 % (of daily intake) of vegetables (and 72 % of fish),
breakfast accounted for 44 % of whole grains and snacks
accounted for 51 % of fruits(5). Similar findings were
observed from a national representative sample of
Australian adults for non-starchy and starchy vegetables
(62 and 81 % from dinner, respectively) and fruits (55 %
from snacks)(6). In contrast, intakes of major plant-based
foods were more evenly distributed among three main
meals in this study: the contribution of breakfast, lunch
and dinner was, respectively, 14, 32 and 55 % for total veg-
etables; 29, 30 and 27 % for fruit (as well as 17 % from
snacks) and 19, 41 and 41 % for rice (the major grain food).
In any case, this kind of background information should be
accumulated from various countries so that more effective
country-specific meal-based dietary guidelines and public
health messages could be developed.
We found that favourable dietary intake patterns associ-
ated with a higher diet quality of total diet were relatively
consistent across threemainmeal types. That is, there was a
positive association of overall diet quality with intakes of
key nutrients and food groups to encourage from each
main meal. However, one clear exception to note was rice.
A higher intake of rice from breakfast was positively asso-
ciated with a higher overall diet quality, but such a positive
association was not observed for lunch or dinner. This may
be because there are multiple options for staple foods (rice
or bread) in breakfast in Japan(22,31), and thus, the associa-
tion with overall diet quality may be assessed mainly as a
comparison of a choice of rice or bread within breakfast.
For support on this, bread intake at breakfast was inversely
associated with overall diet quality. On the other hand,
because rice is more exclusively selected as a staple food
for lunch and dinner(22,31), the association with overall diet
quality may be assessed mainly as a comparison of other
foods accompanied by rice within lunch and dinner.
These observations, as well as relatively weak correlations
of diet quality among meal types, highlight the complex
nature of meals as food combinations, which, in turn, sug-
gests the importance of accumulating evidence at the
meal level.
The strength of this study is the use of detailed dietary
information obtained from a 4-d weighed dietary record.
However, there are also several limitations. First, although
samplingwas conducted to consider regional differences in
dietary habits, the present population is not a nationally
representative sample of general Japanese, but rather vol-
unteers, of whom some lived in the same household. In
particular, our participants may be biased towards greater
health consciousness. We unfortunately do not know how
the present population is comparable with the general
Japanese population in terms of, for example, educational
level and employment because of a lack of information.
Nevertheless, the mean values of the HEI-2015 in the
present population were comparable with those reported
from the 2012 Japanese National Health and Nutrition
Survey (51·3 (SD 9·0) for men and 52·9 (SD 9·2) for women;
information not available for NRF9.3)(18). Further research
in a more representative sample is needed.
Second, all self-reported dietary assessment methods
are subject to both random and systematic errors(52), and
the nature and extent of the measurement error of self-
reported information on dietary intake from eachmeal type
are largely unknown(24). The present results should there-
fore be interpreted with caution in this respect.
Nevertheless, the use of the Goldberg’s cut-off (based on
EI:BMR) identified only a few underreporters and overre-
porters (3·1 and 2·3 %, respectively), suggesting overall sat-
isfactory reporting accuracy of dietary intake. To minimise
the influence of measurement error in dietary variables, we
mainly relied on the percentage contribution to total intake
for interpreting our data, as well as the use of energy-
adjusted values for diet quality measures(53).
Third, because the dietary data used here were collected
during the winter season (February and March), any sea-
sonal variation in dietary intake was not considered.
Given that several previous studies have observed seasonal
differences in intakes of at least some nutrients and food
groups in Japanese adults(54–56), this might have produced
some bias in assessing average dietary intake over the year.
Additionally, while two independent data collected in 2003
and 2013 were combined for the main analysis after con-
firming that separate analyses produced similar results, this
10-year difference might be potentially significant when it
comes to diet. Given that a trend analysis based onNational
Health and Nutrition Survey 2003–2015(14) showed signifi-
cant albeit small differences in food group intakes during
this period, the present results should be interpreted
cautiously.
Fourth, diet quality was assessed by the HEI-2015 and
NRF9.3 in this Japanese study, even though both scores
were primarily developed for Americans. Thus, these mea-
sures are not optimal for assessing the overall quality of
Japanese diet, but rather the best available(18), as men-
tioned above. Finally, in view of the multiple analyses
for the associations between overall diet quality and intakes
from each meal type, it is possible that some of the signifi-
cant findings in the present study occurred by chance.
In conclusion, in this study of Japanese adults, dinner
was highest in terms of not only diet quality but also per-
centage contribution to total EI, followed by lunch, break-
fast and snacks. For many nutrients, the percentage
contribution to total intake did not vary across each meal
type and was broadly in line with that for EI. For foods,
on the other hand, intakes largely depended on one meal
type, except for several foods, including rice, eggs, fruit and
non-energetic beverages, which were more commonly
consumed at various meal types. This study also provided
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a picture of dietary intake patterns within each meal type
associated with a higher quality of total diet. These findings
provide the key information on each meal type in the
Japanese diet and will help inform the development of
meal-based guidelines and public health messages.
Future research is needed to examine whether the present
findings are similarly observed in a more representative
sample of Japanese as well as in other Asian populations.
Acknowledgements
Acknowledgements: The authors thank Naoko Hirota,
Akiko Notsu, Ayako Miura, Hidemi Todoriki, Mitsuru
Fukui and Chigusa Date for data collection. Financial sup-
port: This study was funded by a Health and Labour
Sciences Research Grant (number H23-jyunkankitou
(seishuu)-ippan-001) and H13 Health Sciences Research
Grant (Kenkou-kagakusougoukenkyujigyou) from the
Ministry of Health, Labour and Welfare, Japan. The
Ministry of Health, Labour and Welfare had no role in
the design, analysis or writing of this article. Conflict of
interest: None. Authorship: K.M. conceptualised the study
question, analysed and interpreted the data, prepared the
first draft of the manuscript and had primary responsibility
for the final content; N.S. contributed to the conceptualisa-
tion of the study question and data interpretation and
assisted in the writing of the manuscript; M.B.E.L. contrib-
uted to the conceptualisation of the study question and pro-
vided critical input into the final draft of the manuscript;
A.F. assisted in the writing of the manuscript; K.A. contrib-
uted to the design of the survey, data collection and data
management. S.M. managed the study-field establishment
and recruitment and contributed to data collection and
S.S. directed the survey. All authors have read and agreed
to the final version of the manuscript. Ethics of human sub-
ject participation: For both the 2003 survey and 2013 sur-
vey, the study purpose and protocol were explained before
the study and written informed consent was obtained from
each participant. Use of data from the 2003 survey and the
study protocol of the 2013 survey were approved by the
University of Tokyo Faculty of Medicine Ethics
Committee (numbers 3421 and 10005, respectively).
Supplementary material
For supplementary material accompanying this paper visit
https://doi.org/10.1017/S1368980020004310
References
1. Jacobs DR & Steffen LM (2003) Nutrients, foods, and dietary
patterns as exposures in research: a framework for food syn-
ergy. Am J Clin Nutr 78, 508S–513S.
2. Andersson J, Nydahl M, Gustafsson K et al. (2003) Meals and
snacks among elderly self-managing and disabled women.
Appetite 41, 149–160.
3. de Oliveira Santos R, Fisberg RM, Lobo Marchioni DM et al.
(2015) Dietary patterns for meals of Brazilian adults.Br J Nutr
114, 822–828.
4. Murakami K, Livingstone MBE, Shinozaki N et al. (2020)
Food combinations in relation to the quality of overall diet
and individual meals in Japanese adults: a nationwide study.
Nutrients 12, 327.
5. Myhre JB, Loken EB, Wandel M et al. (2015) Meal types as
sources for intakes of fruits, vegetables, fish andwhole grains
amongNorwegian adults. Public Health Nutr 18, 2011–2021.
6. Sui Z, Raubenheimer D & Rangan A (2017) Exploratory
analysis of meal composition in Australia: meat and accom-
panying foods. Public Health Nutr 20, 2157–2165.
7. Krok-Schoen JL, Jonnalagadda SS, Luo M et al. (2019)
Nutrient intakes from meals and snacks differ with age in
middle-aged and older Americans. Nutrients 11, 1301.
8. Nishi SK, Jessri M & L’Abbe M (2018) Assessing the dietary
habits of Canadians by eating location and occasion: findings
from the Canadian Community Health Survey, Cycle 2.2.
Nutrients 10, 682.
9. Almoosawi S, Winter J, Prynne CJ et al. (2012) Daily profiles
of energy and nutrient intakes: are eating profiles changing
over time? Eur J Clin Nutr 66, 678–686.
10. Sasaki S (2011) The value of the National Health and
Nutrition Survey in Japan. Lancet 378, 1205–1206.
11. Ikeda N, Saito E, Kondo N et al. (2011) What has made the
population of Japan healthy? Lancet 378, 1094–1105.
12. Murakami K, Shinozaki N, Fujiwara A et al. (2019) A system-
atic review of principal component analysis-derived dietary
patterns in Japanese adults: are major dietary patterns repro-
ducible within a country? Adv Nutr 10, 237–249.
13. Micha R, Khatibzadeh S, Shi P et al. (2015) Global, regional
and national consumption of major food groups in 1990 and
2010: a systematic analysis including 266 country-specific
nutrition surveys worldwide. BMJ Open 5, e008705.
14. Murakami K, Livingstone MBE & Sasaki S (2018) Thirteen-
year trends in dietary patterns among Japanese adults in
the National Health and Nutrition Survey 2003–2015: con-
tinuous Westernization of the Japanese diet. Nutrients 10,
994.
15. Powles J, Fahimi S, Micha R et al. (2013) Global, regional and
national sodium intakes in 1990 and 2010: a systematic analy-
sis of 24 h urinary sodium excretion and dietary surveys
worldwide. BMJ Open 3, e003733.
16. Asakura K, Uechi K, Sasaki Y et al. (2014) Estimation of
sodium and potassium intakes assessed by two 24 h urine
collections in healthy Japanese adults: a nationwide study.
Br J Nutr 112, 1195–1205.
17. Micha R, Khatibzadeh S, Shi P et al. (2014) Global, regional,
and national consumption levels of dietary fats and oils in
1990 and 2010: a systematic analysis including 266 coun-
try-specific nutrition surveys. BMJ 348, g2272.
18. Murakami K, Livingstone MBE, Fujiwara A et al. (2020)
Application of the Healthy Eating Index-2015 and the
Nutrient-Rich Food Index 9.3 for assessing overall diet quality
in the Japanese context: different nutritional concerns from
the US. PLoS One 15, e0228318.
19. Fujiwara A, Murakami K, Asakura K et al. (2018) Estimation
of starch and sugar intake in a Japanese population based on
a newly developed food composition database. Nutrients
10, 1474.
20. Murakami K & Sasaki S (2018) Glycemic index and glycemic
load of the diets of Japanese adults: the 2012 National Health
and Nutrition Survey, Japan. Nutrition 46, 53–61.
21. Murakami K, Livingstone MB, Okubo H et al. (2017) Energy
density of the diets of Japanese adults in relation to food
and nutrient intake and general and abdominal obesity: a
12 K Murakami et al.
cross-sectional analysis from the 2012 National Health and
Nutrition Survey, Japan. Br J Nutr 117, 161–169.
22. Murakami K, Livingstone MBE & Sasaki S (2017)
Establishment of a meal coding system for the characteriza-
tion of meal-based dietary patterns in Japan. J Nutr 147,
2093–2101.
23. Murakami K, Livingstone MBE & Sasaki S (2019) Meal-
specific dietary patterns and their contribution to overall
dietary patterns in the Japanese context: findings from the
2012 National Health and Nutrition Survey, Japan.
Nutrition 59, 108–115.
24. Kant AK (2018) Eating patterns of US adults: meals, snacks,
and time of eating. Physiol Behav 193, 270–278.
25. Huseinovic E, Winkvist A, Slimani N et al. (2016) Meal pat-
terns across ten European countries – results from the
European Prospective Investigation into Cancer and
Nutrition (EPIC) calibration study. Public Health Nutr 19,
2769–2780.
26. Murakami K & Livingstone MB (2016) Associations
between meal and snack frequency and diet quality and
adiposity measures in British adults: findings from the
National Diet and Nutrition Survey. Public Health Nutr 19,
1624–1634.
27. Murakami K & Livingstone MB (2016) Associations between
meal and snack frequency and diet quality in US adults:
National Health and Nutrition Examination Survey 2003–
2012. J Acad Nutr Diet 116, 1101–1113.
28. Leech RM, Livingstone KM, Worsley A et al. (2016) Meal fre-
quency but not snack frequency is associated with micronu-
trient intakes and overall diet quality in Australian men and
women. J Nutr 146, 2027–2034.
29. Murakami K, Shinozaki N, Livingstone MBE et al. (2020)
Meal and snack frequency in relation to diet quality in
Japanese adults: a cross-sectional study using different defi-
nitions of meals and snacks. Br J Nutr. Published online: 29
June 2020. doi: 10.1017/S0007114520002317 (in Press).
30. Murakami K, Sasaki S, Takahashi Y et al. (2008)
Reproducibility and relative validity of dietary glycaemic
index and load assessed with a self-administered diet-history
questionnaire in Japanese adults. Br J Nutr 99, 639–648.
31. Murakami K, Livingstone MBE, Sasaki S et al. (2018)
Applying a meal coding system to 16-d weighed
dietary record data in the Japanese context: toward the
development of simple meal-based dietary assessment tools.
J Nutr Sci 7, e29.
32. Murakami K, Livingstone MBE, Fujiwara A et al. (2019)
Reproducibility and relative validity of the Healthy Eating
Index-2015 and Nutrient-Rich Food Index 9.3 estimated by
comprehensive and brief diet history questionnaires in
Japanese adults. Nutrients 11, 2540.
33. Asakura K, Uechi K, Masayasu S et al. (2016) Sodium sources
in the Japanese diet: difference between generations and
sexes. Public Health Nutr 19, 2011–2023.
34. Council for Science and Technology; Ministry of Education &
Culture, Sports, Science and Technology, Japan (2015)
Standard Tables of Food Composition in Japan 2015, 7th
revised ed. Tokyo, Japan: Official Gazette Co-operation of
Japan (in Japanese).
35. Krebs-Smith SM, Pannucci TE, Subar AF et al. (2018) Update
of the healthy eating index: HEI-2015. J Acad Nutr Diet 118,
1591–1602.
36. Reedy J, Lerman JL, Krebs-Smith SM et al. (2018) Evaluation
of the healthy eating Index-2015. J Acad Nutr Diet 118,
1622–1633.
37. Panizza CE, Shvetsov YB, Harmon BE et al. (2018) Testing
the predictive validity of the Healthy Eating Index-2015 in
the Multiethnic Cohort: is the score associated with a reduced
risk of all-cause and cause-specific mortality? Nutrients
10, 452.
38. Drewnowski A & Fulgoni VL (2014) Nutrient density: princi-
ples and evaluation tools. Am J Clin Nutr 99, 1223S–1228S.
39. Fulgoni VL, Keast DR & Drewnowski A (2009) Development
and validation of the nutrient-rich foods index: a tool to mea-
sure nutritional quality of foods. J Nutr 139, 1549–1554.
40. Drewnowski A (2010) The Nutrient Rich Foods Index helps
to identify healthy, affordable foods. Am J Clin Nutr 91,
1095S–1101S.
41. Drewnowski A, Rehm CD & Vieux F (2018) Breakfast in the
United States: food and nutrient intakes in relation to diet
quality in National Health and Examination Survey 2011–
2014. A study from the International Breakfast Research
Initiative. Nutrients 10, 1200.
42. US Department of Health and Human Services & US
Department of Agriculture (2015) 2015–2020 Dietary
Guidelines for Americans. https://health.gov/dietaryguide
lines/2015/guidelines/ (accessed March 2020).
43. Ministry of Health, Labour andWelfare, Japan (2015) Dietary
Reference Intakes for Japanese, 2015. http://www.mhlw.go.
jp/stf/seisakunitsuite/bunya/0000208970.html (accessed
March 2020).
44. World Health Organization (2015) Guideline: Sugars Intake
for Adults and Children. Geneva, Switzerland: WHO; avail-
able at http://apps.who.int/iris/bitstream/10665/149782/1/
9789241549028_eng.pdf?ua=1 (accessed March 2020).
45. Leech RM, Worsley A, Timperio A et al. (2015)
Characterizing eating patterns: a comparison of eating occa-
sion definitions. Am J Clin Nutr 102, 1229–1237.
46. World Health Organization (2000) Obesity: Preventing and
Managing the Global Epidemic. Report of a WHO
Consultation. World Health Organization Technical
Report Series no. 894. Geneva: WHO.
47. Black AE (2000) Critical evaluation of energy intake using the
Goldberg cut-off for energy intake:basal metabolic rate. A
practical guide to its calculation, use and limitations. Int J
Obes Relat Metab Disord 24, 1119–1130.
48. Miyake R, Tanaka S, Ohkawara K et al. (2011) Validity of pre-
dictive equations for basal metabolic rate in Japanese adults. J
Nutr Sci Vitaminol 57, 224–232.
49. Ganpule AA, Tanaka S, Ishikawa-Takata K et al. (2007)
Interindividual variability in sleeping metabolic rate in
Japanese subjects. Eur J Clin Nutr 61, 1256–1261.
50. Hoffman R & Gerber M (2013) Evaluating and adapting the
Mediterranean diet for non-Mediterranean populations: a
critical appraisal. Nutr Rev 71, 573–584.
51. Gibney MJ, Barr SI, Bellisle F et al. (2018) Towards an
evidence-based recommendation for a balanced breakfast-
a proposal from the International Breakfast Research
Initiative. Nutrients 10, 1540.
52. Livingstone MB & Black AE (2003) Markers of the validity of
reported energy intake. J Nutr 133, 895S–920S.
53. Subar AF, Freedman LS, Tooze JA et al. (2015) Addressing
current criticism regarding the value of self-report dietary
data. J Nutr 145, 2639–2645.
54. Owaki A, Takatsuka N, Kawakami N et al. (1996) Seasonal
variations of nutrient intake assessed by 24 h recall method.
Jpn J Nutr 54, 11–18 (in Japanese with English abstract).
55. Mori S, Saito K & Wakasa Y (1981) Studies on annual fluc-
tuation of food intake in female college students. Jpn J
Nutr 39, 243–257 (in Japanese with English abstract).
56. Tokudome Y, Imaeda N, Nagaya T et al. (2002) Daily,
weekly, seasonal, within- and between-individual variation
in nutrient intake according to four season consecutive 7
day weighed diet records in Japanese female dietitians. J
Epidemiol 12, 85–92.
Meal composition in Japan 13
